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The importance of research in the developmental genetics of Dro-
sophila melanogaster, cannot be overestimated. More is known concern-
ing the genetics of this animal than any other eukaryote. Nonethe-
less, with the abundant amount of information presently accumulated, 
little is known concerning the mechanisms of determination and diff-
erentiation. 
In the attempt to understand the events occurring in normal de-
velopment, geneticists study mutations in which these events do not 
occur, occur at the wrong time, or in the wrong place. Many of 
these mutations ultimately result in phenotypic abnormalities. Homo-
eotic mutations, in which normal cuticular structures are replaced by 
tissue found elsewhere in the body, are valuable tools for the study 
of development. By nature of their action, they must involve major 
regulatory genes. Homoeotic mutations are known that convert normal 
antenna to mesothoracic to prothoracic leg, and abdominal segments to 
thoracic segments. The subject of this study is a mutant which in-
volves the replacement of normal head structures with abdominal ter-
gites, genitalia and leg. This mutation is termed tumorous-head for 
the amorphous appearing structures originally found growing out of 
t he head (Newby, 1949). 
Drosophila melanogaster is a member of the order Diptera, the 
true flies. The cephalic region of members of this order contains 
large compound eyes, few ocelli, a single pair of antennae and no 
labial palps. The thorax has one pair of wings found on a dispro-
portionately large mesothorax, and three pairs of legs, one pair 
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per segment (Elzinga, 1978). The number of abdominal segments varies 
with gender. Females have seven metameres, or ~egments, that arise 
from histoblast nests found in the posterior end of the larvae. An 
eighth segment arises along with the external genitalia from the 
genital disc (Bryant, 1978a). Genitalia are believed to be develop-
mental! fused eighth through eleventh segments (Nothiger et al., 
1977). In males, there are only six abdominal segments arising from 
histoblasts. The sixth segment may represent a fusion of the prim-
itive sixth and seventh segments (Bryant, 1978a). 
Drosophila, as with all other Dipterans, is holometabolous. 
Its complex life cycle consists of an embryonic stage, three larval 
instars, a pupal and an adult stage. Each developmental stage prior 
to eclosure progressively narrows the developmental potential of 
cell. 
Meiotic divisions are initiated in the egg by the penetration 
of the sperm. The haploid nucleus will then fuse with the sperm 
nucleus (Fullilove and Jacobson, 1978). The zygote nucleus then 
undergoes a series of divisions without cell membrane formation. 
Within two and a half hours a few cells are found at the posterior 
end of the embryo. These are the pole cells. They will give rise to 
the primordial germ cells and cuprophillic cells of the midgut. With-
in three hours, the nuclei have completed a random migration to the 
periphery of the embryo into the cortical cytoplasm. At this time, 
cleavage nuclei are still. totipotent (Gehring, 1978; Illmensee, 1972). 
Cell membranes then form synchronously, resulting in approximately 
4000 cells (Chan and Gehring, 1971). The few nuclei remaining in 
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the center of the egg will become vitellophages, cells which meta-
bolize yolk for embryonic use (Counce, 1972). Transplantation studies 
by Chan and Gehring (1971) indicate that cells of the cellular blast-
oderm are developmentally restricted in terms of the adult structures 
they can form: cells from the anterior half will only form cephalic 
or thoracic structures; cells from the posterior half will only form 
abdominal or thoracic structures. It has been suggested, but not 
proven, that the cells which give rise to the adult cuticle are sep-
arated from larval cells during the blastode~m . stage (Bryant and 
Schneiderman, 1969). Physical separation of larval and imaginal tis-
sue has been histologically shown to have occurred by late embryonic 
or early larval stages (Poulson, 1950). Gynandromorph studies in-
cate that more than one primordial cell gives rise to each imaginal 
disc (Garcia-Bellido and Merriam, 1969). Estimates are from two to 
forty cells per structure (Nothiger, 19Z2). Segment specific deter-
mination has probably occurred by the end of the blastoderm stage 
(Gehring, 1978). 
Gastrulation, involving the establishment of the three germ lay-
ers, through foldings, invaginations, and cellular migrations (Fulli~ 
love and Jacobson, 1978), is initiated about three to three and one 
half hours into development (Sonnenblick, 1950) . The process of gas-
trulation establishes the rudimentary tissues which will develop and 
gain function in the processes of organogenesis and histological dif-
ferentiation that follow (Poulson, 1950). 
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The first instar larva hatches from the egg case at 22 to 24 
hours when raised at 25 C. Drosophila goes through three instars 
separated by two larval molts, one 25 hours and one 48 hours after 
hatching. Puparium formation occurs in about 96 hours (Strickberger, 
1962). 
Growth of the organ systems is a slow continual process which 
is independent of molting. Larval organs grow mainly through in-
creases in cell size rather than increases in cell number. This is 
in contrast to imaginal discs, mentioned earlier, which grow by in-
creasing cell numbers (Bodenstein, 1950). The doubling time for im-
aginal disc cells is from 6 to 15 hours (Nothiger, 1972). 
Determination of imaginal cells in late third instar larvae is 
in a "prefinal" stage (Gehring, 1973). Experimental dissection of 
imaginal discs (wing and genital) show that daughter cells are not as 
specifically determined as would be thought. Interpretation of posit-
ional information by cells resulting in duplication of existing re-
gions or regeneration of missing _ ones indicate that cells at this 
developmental state are not finally determined (Bryant, 1978~). Trans-
determination events, changes from one determined state to an entire-
ly different one, for example, eye to wing, of imaginal cells cultured 
in the abdomens of adult females, also fortify the statement that 
late third instar imaginal tissue is not at an irreversible state of 
determination. Transplantation studies of . late first and early second 
instar eye-antennal discs show a sequential acquisition of competence 
in forming the various adult cuticular structures (Gateff and Schneid-
erman, 1975). This indica~es that imaginal cells of earlier stages 
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carry some but not all of the developmental p~ogram of cells of later 
stages (Gehr~ng, 1978). 
Final determination is established dur~ng pupation. In the pre-
sence of the molting hormone, ecdysone, specific switches critical to 
the formation of the adult are turned on. During pupation, certain 
larval organs: the salivary glands, fat bodies, the intestine, and 
muscles are completely histolyzed. These tissues are reformed either 
from disc cells or cells that reorganize and differentiate dur~ng 
pupation. The brain and Malpighian tubules remain relatively un-
altered. It is during pupation that imaginal cells carry out their 
predetermined program of final differentiation (Bodenstein, 1950). 
The discs evagniate, twist and/or telescope out, fuse with one anoth-
er, secrete cuticle, and form their characteristic trichomes and bris-
tles. Approximately 10 days (238 hrs) after fertilization, the adult 
emerges from the pupal case (Strickberger, 1962). 
A wide variety of techniques are used in the study of ·Drosophila 
development. The characterization and thorough study of spontaneous 
mutations that exert their effect by altering events in determination 
or differentiation have been valuable in providing information. Rad-
iation genetics and chemical mutagenesis have greatly increased the 
number of mutants altering specific steps in the sequence of develop-
ment. A large number of alleles in the bithorax complex, a series of 
genes affecting segmentation, have been created through X-ray induct-
ion or treatment with ethyl-methane-sulfonate (EMS) (Lewis, 1978). 
Mosaic analyses, which include both gynandromorph and mitotic recomb-
ination studies, allow construction of fate maps based on the posit-
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ional relationships of primordial cells of the blastoderm and later 
stages (Janning, 1978). Temperature-sensitive studies provide clues 
as to the time of gene action (Suzuki, 1970). Studies involving mod-
ification of diet have recently shown that some mutations can be re-
versed. The mutants Nasobemic, Antennapedia, and aristapedia, which 
are conversions of antennae to distal legs, can be corrected by the 
elimination of fatty acids, a high source of acetyl CoA, from the 
diet (Jowett and Sang, 1979). 
A number of genetic techniques have been developed specifically 
for studies with imaginal disc tissue. Histochemical staining of 
imaginal tissues has been informative in showing early biochemical 
differences between and within single discs. The_bis:to·.c_hemical ::._stain 
aldehyde oxidase, has been shown to differentially stain anteriorly 
determined cells within the wing primordia while not staining any pos-
terior cells, except those of the presumptive wing margin (Kuhn and 
Cunningham, 1977a; 1977b). Histochemical stains specific for alde-
hyde oxidase (AO) (Kuhn and Cunningham, }978), glucose-6-phosphode-
hydrogenase (G6PD) (Cunningham et al., 1981), isocitrate dehydro-
genase (ICDH) (Cunningham and Kuhn, 1981), and other NADP dependent 
enzymes have shown repeatable patterns of enzyme distribution in 
imaginal tissues. Disruptions in normal enzyme patterns have been 
shown for the homoeotic mutations engrailed, bithorax, postbithorax, 
Polycomb, Antennapedia , and tumorous-head (Kuhn and Cunningham, 1976; 
1977a; 1977b; Kuhn and Walker, 1978; Kuhn et al., 1979; Sprey et al., -- -....-........-
1981) 
Histochemical stains have been useful in work on compartmental-
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ization. In the early 1970's, cell lin~age studies involving mitotic 
recombination techniques showed that when clones hav~ng normal prolif-
erative rates and suitable markers were produced in backgrounds of 
slower growing cells, they strictly obeyed specific boundaries~ The 
work that followed showed that these boundaries delimited specific 
regions, designated compartments. Compartments are the physical lim-
itations imposed by groups of cells as a result of alternative devel-
opmental commitments. The initial developmental restriction of adult 
structures is set up from 3 to 7 hours into development. It separates 
the anterior from posterior compartments. A second restriction is 
believed to occur between 24 and 48 hours. It presumably separates 
the dorsal from ventral compartments in single discs (Garcia-Bellido 
et al., 1979). Using the histochemical stain, aldehyde oxidase, and 
induced mitotic recombination in studying compartmentalization, it 
has been possible to localize compartmental restrictions within 
the imaginal wing pouch of mature third instar larvae (Kuhn et al., 
1981; Fogerty, 1981). 
The tissue transplantation technique developed by Ephrussi and 
Beadle (1936) has been an invaluable tool in developmental studies. 
The modification of this technique to fate mapping involves isolation 
of a specific region from an imaginal disc and injection of the iso-
lated tissue into a posterior abdominal segment of a late third in-
star larva. Implants are removed following metamorphosis and cutic-
ular structures identified. This technique has been used to localize 
the origin of adult structural to specific positions within the pri-
mordial tissues. Extensive maps of all nine pairs of :~ginal discs, 
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the genital disc, and abdominal histoblast cells have been construct-
ed (Bryant, 1975; 1978a; Bryant and Hsei, 1977; Littlefield and 
Bryant, 1979; Ouweneel and VanderMeer, 1973). Fate mapping has also 
been used in work with homoeotics, determining the specific locations 
within discs of transformations (Bournias-Vardiabasis and Bownes, 
1978b; Adler, 1978; Gehring and Schubiger, 1975; Ouweneel, 1970). 
In 1943, Bodenstein discovered that imaginal tissue could be 
maintained in culture within the abdomens of adult females beyond the 
time allowed in normal development. When cultured in the abdomens 
of females, imaginal discs are never confronted with the high ecdy-
sone level necessary for differentiation. Within female abdomens, 
primordial cells an proliferate without the limitations imposed by 
actual space or by the presence of hormones "telling'! .cells to stop 
growing and start producing adult cuticle and associated structures. 
In Drosophila, cells cease mitotic divisions after metamorphosis, 
with the exception of germ cells (Borst, 1974). Imaginal tissue 
can be transferred from adult to adult and be maintained "indefinite-
ly". Hadorn (1976) has maintained imaginal genital discs in culture 
for more than eight years. The oldest cultures have been going for 
more than 12 years. The determination states of cells in culture 
can be tested by removing a sample of tissue and forcing it through 
a metamorphosis test. A metamo~phosis test can be made every time 
an implant is moved to a new host (every such movement marks an 
additional transfer generation (Hadorn, 1976). 
From studies of tissue cultured in vivo, it has been discovered 
that determinative states are rather vigorously maintained. However, 
events known as transdeterminations do occasionally occur. Trans-
determinations involve changes from one determined state to an-
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other (similar to the effects seen in homoeotic mutations). Changes 
from eye to wing, from wing to leg or antennae, from genitalia to 
antennae, and other similar events, are seen occurring at predictable 
frequencies. One notable thing about transdetermination patterns 
is the overriding tendency of imaginal tissue to ultimately change 
its otherwise determined pathway to that of wing or mesothorax. This 
orientation toward mesothorax may have developmental and evolutionary 
significance (Lewis, 1978). 
One technique derived from transplantation work involves allowing 
imaginal disc fragments to grow for a brief period of time before 
metamorphosis. This can be done by either implanting imaginal tissue 
into very young larvae or by incubating tissue in adult females before 
transferring it to late third instar larvae (Bryant, 1978~). Results 
from experiments like these show the capability of fragmented tissue 
to either duplicate or regenerate during wound healing. The ability 
to either duplicate or regenerate has been shown to depend on both 
the direction of the cut and the size of the fragment (Bryant and 
Hsei, 1977; Bryant, 1978b). A model has been 'proposed to explain 
these wound healing events. It suggests an epimorphic regulation 
system involving the use of positional invormation carried by in~ 
dividual cells (French et al ., 1976)." All cells within a primor-
dial disc are assigned two dimensional positional values corresponding 
to th.eir location within a circular field. Hhen cells are exposed to 
new cells less than a 180 degree distance from them, regeneration 
occurs. When the distance is greater than 180 degrees, duplication 
occurs. A complete circle of positional values is necessary for 
regeneration of amputated distal structures (structures assigned 
central positional values) (Bryant, 1978b). A recent extension of 
this model suggests that distal outgrowth results when daughter 
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cells are confronted with parental cells carrying the same positional 
information. They are "pushed" into a more distal commitment (Bryant 
et al., 1981). 
Duplication and regeneration of normal structures are phenotypic 
expressions of several mutations known in Drosophila. These events 
are secondary results of cell death; cell d~ath acting essentially 
to "fragment" imaginal tissue in situ. Tumorous-head, the mutant 
studied in this investigation, which includes in tis homoeotic ef-
fects, multiple dupl i cations of normal structures, has been shown to 
involve extensive cell death (Bournias-Vardiabasis and Bownes, 1980). 
The tumorous-head mutant is of extreme interest developmentally 
due to the nature of its action. This hpmoeotic gene causes trans-
formations of eye and antennal derivatives to abdominal tergites, 
male or female genitalia, and distal leg (Postlethwait et al., 1972). 
It is one of the few homoeotic genes causing conversions to more 
than one body segment. Transformations of antenna to leg are seen 
in a number of homoeotics: Antennapedia, aristapedia, Nasobemia, and 
Polycomb. However, transfor~ation to abdominal tissue and geni talia 
is unique. It is tumorous-head's conversions of anter i or str uc t ures 
to such posterior structures that make it of such interest develop-
mentally. This is a mutation which interferes with the primary event 
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of determination: the separation of anterior cells from posterior 
cells. 
Numerous genetic studies have been done with tumorous-head 
(Gardner, 1970). With the addition or deletion of genetic modifiers 
found on both the second and third chromosomes, the penetrance of the 
tumorous-head effect can vary from less than 8 % to 92 % (Woolf and 
Passage, 1980). For expression, tumorous-head requires a specific 
wild type maternal effect product. The recessive allele responsible 
for this product is located on the X-chromosome at position 65.3 
(Woolf and Passage, 1980). The tuh-3 gene is also believed to be re-
sponsible for a second defect when acting in the presence of a differ-
ent maternal effect allele found at the same position, 1-65.3. This 
mutation is phenotypically expressed as a defect in the male genital 
disc. The testes fail to attach and uncoil which results in a bean-
shaped morphology (Woolf, 1965b; 1968). When tuh-3 acts to cause the 
homoeotic conversions in the head, it acts as a semi-dominant mutat-
ion. When it acts to cause gonadal dysgenesis, it acts as a reces-
f 
sive hypomorph. This was determined from extensive work mapping the 
gene using various deficiencies as well as studying the effects of 
varying doses of both of the maternal effect 'products and the tuh-3 
gene product (Kuhn et al., 1981). 
Newby (1949) first described the tumorous-head phenotype. No 
further developmental work had been publisped until 1972, when Postle-
thwait et al. published a paper addressing the developmental aspects 
of tumorous-head. They described replacement of antennae by leg, of 
eye by abdominal tergites, and of rostralhaut by such structures as 
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anal plate and clasper teeth. Their work was done using a tumorous-
head stock maintained at the California Institute of Technology 
(tuh(CT)). This may explain the lack of conversions in their findings 
to vaginal plate or vulvar tissue, as seen by other investigators 
looking at tumorous-head. Both of these female genital structures 
occur in a low frequency in the stock maintained at the University of 
Central Florida (tuh(UCF)) (Kuhn and Dorgan, 1975; Kuhn et al., 1979; 
Cook et al., 1981). Strains of tumorous-head have been maintained 
for years in various laboratories throughout the country. A great 
deal of divergence has occurred between them, including the loss of 
various modifiers and enhancers, as well as the loss of the Payne 
inversion found in the right arm of the third chromosome of the ori-
ginal stock (Wolf, 1965). This genetic divergence has resulted in 
quite variable penetrance and expression of the trait. Currently, 
the tuh(UCF) stock has a penetrance of 80-90 % when selected every 
generation and excellent expressivity (variation and extent of homo-
eotic structures). 
Bournias-Vardiabasis and Bownes (1978a) have looked at the 
phenotypic expression of tuh(CT) in adults. They found no homoeosis 
toward abdominal tergites but did describe conversions to leg and 
genitalia as did Postlethwait et al. (1972). Their work fate mapping 
the eye-antennal disc of tuh(CT) showed conversions of antennae to 
distal legs and conversions of rostralhaut to genitalia (Bournias-
Vardiabasis and Bownes, 1978b). The inconsistencies between their 
fate mapping and other observations on tumorous-head (Postlethwait 
et al., 1972; Kuhn and Dorgan, 1975, Cook et al., 1981) may have been 
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due to their attempt to isolate tuh-3 from all known modifiers in 
that particular study. 
These workers have also determined the temperature sensitive 
period of the tumorous-head phenotype. It appears that the mutation 
is temperature sensitive throughout oogenesis and 8 to 12 hours into 
embryogenesis (Bournias-Vardiabasis and Bownes, 1979). This indic-
ates that gene action is at the time of determination rather than in-
volving a later transdetermination event, or more specifically an 
error in determinative maintenance. 
More detailed analyses of the tumorous-head defect are necessary 
to determine the mechanics of its expression. Tumorous-head is an 
extremely important homoeotic mutant. It has highly variable pene-
trance and expressivity, requires a specific maternal effect product 
(unique in homoeotics), has an early temperature sensitive period, and 
involves transformations of head to several body segments. 
The objective of this particular study was to fate map the 
tumorous-head eye-antennal disc to determine: (1) where specific 
abnormalities arise; (2) which tissues, if any, they replace; (3) the 
correlation between different homoeotic conversions within single 
discs and (~) compartmental homologies between homoeotic changes and 
normal structures. This was done through an in vivo metamorphosis 
test which allowed the expression of maximum developmental potential 
given normal time for growth. It also allowed the visualization of 
those homoeotic conversions so extensive that they would have pre~ 
vented successful metamorphosis. 
Long term in vivo cultures of tumorous-head homoeotic alterations 
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were also done to determine their developmental capacities and to look 
at the transdetermination patterns of abdominal histoblasts. 
MATERIALS AJID METHODS 
1. a. Drosophila strains used: 
tuh(UCF)sel: This stock is one derived from a tumorous-head 
strain maintained at Arizona State University. It has been 
cultured at the University of Central Florida for the past 10 
years. The strain is selected every generation to ensure 
high penetrance and expressivity. Flies without head abnorm-
alities are eliminated every time the stock is transferred to 
new medium. The stock is homozygous for both the tumorous-
head maternal effect allele (tuh-1h) and the tumorous-head 
gene (tuh-3). 
4 
mwh;e This stock was used as the host strain for the meta-
morphosis test. All individuals are homozygous for mwh and 
4 e • In mwh flies, wing cells contain groups of 2-5 hairs 
instead of the usual one ~ 
4 e is one of the most viable ebony 
alleles. It causes a black shiny body color. These pheno-
types facilitated easy distinction between host and test 
cuticle. 
w: This white eyed strain was used as a host stock for the 
long term in vivo cultures. All flies are either homozygous 
or hemizygous for the trait. 
Oregon-R-C: This is the wild type stock used for controls. 
For a more complete description of phenotypes, see Lindsley 
and Grell, 1968. 
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b. Maintenance: 
All flies were raised at room temperature on Drosophila medium 
consisting of conrmeal, .. d.extros~, sucres~;. ··yeast, =- a.iid .agar 
(Lewis, 1960). Propionic and phosphoric acids were added as 
mold inhibitors. Flies were kept in half pint milk bottles 
prior to experimentation, after which they were kept in 30 ml 
vials. 
2. a. Fate mapping technique: 
The eye-antennal discs were removed from late third instar 
tumorous-head larvae in isotonic Ringer's solution (pH 6.9). 
These discs were cut and implanted into the abdomens of late 
third instar mwh;e4 larvae, following the techniques developed 
by Ephrussi and .Beadle (1936). See Figure la. Abnormalities 
were classified as to region of origin as follows: Region 1 
or ventral head, abnormalities found in the area which normal-
ly gives rise to the vibrissae, gena, shingle cuticle, lower 
postorbital bristles, an~ some eye facets; Region 2 or middle 
head, which gives rise almost entirely to ommatidia in normal 
flies; Region 3 or dorsal, which gives rise to the remaining 
bristles surrounding the eye, as well as the occiput, the 
postfrons, the ocelli, and the ocellar bristles; and finally 
the antennal region, which gives rise to the antenna as well 
as the prefrons, palpus, and rostrkl membrane. After meta-
morphosis, implants were removed, flattened, and mounted on a 
slide in Faure's mounting medium. Structures were identified 
based on the size, shape, and texture of bristles, on the size 
Figure la. Diagram of technique used for the construction of the fate 
map of the tumorous-head eye-antennal disc. 
Figure lb. Diagram of technique used for long term in vivo culture 
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and arrangement of trichomes, on the .presence of morpho-
logically distinct structures, and on the color of the cuti-
cle. 
b. Long term in vivo culture technique: 
The technique for long term cultures follows that developed by 
Bodenstein (1943). See Figure lb. Abnormalities were select-
ed and removed in the same manner as in the metamorphosis 
test. They were injected into the abdomens of 1 to 2 day old 
· adult white eyed females, which were then placed in shell 
vials with male flies. Flies were transferred to vials with 
fresh medium every two days. Implan~s . w~re cultured in a sin-
gle host for 14 to 21 days . They were then removed, fragment-
ed , and reimplanted into the abdomens of 1 to 2 day old fe- '· 
males . Port i ons of the implant were injected into late third 
instar mwh;e4 larvae for metamorphosis to test for the state 
of determination. Test implants were removed and examined in 
the same manner as were fate maR implants. A single abnormal 
implant was maintained in culture until it was lost or until 
it failed to grow to any appreciable extent. 
3. Reference slides: 
Figures 2a-i are photographic representations of normal 
structures found on various segments of the adult fly. F~g~ 
ures 2a and 2b are the ventral and dorsal views of the fly 
head, respectively. The ventral view shows the thr ee antennal 
segments, the prefrons separating the two antennae, and the 
shingle cuticle, which isolates the antennae from the remain-
Figure 2. Characteristic bristles and structures found in the various 
body segments of Drosophila melanogaster. (a) Ventral view 
of the fly head. (b) Dorsal view of the fly head. (c) Fe-
male genitalia. (d) Male genitalia. (e) Female abdomen. 
(f) Male abdomen. (g) Mesothoracic leg. (h) Proximal view 
of the wing. (i) View of the entire wing blade. Al, All, 
Alll, first, second and third antennal segments; AL, alar 
lobe; AP, anal plate; Cl, claw;, CT, clasper teeth; DCo, 
distal costa; DR, double bristle row; F, frontal bristles; 
Fe, femur; Fo, frontal orbital bristles; LP, lateral plate; 
0, ocelli; OB, ocellar bristles; Oc, occiput; Om, ommatidia; 
Or, orbital bristles; P, penis; PB, premandibular bristles; 
PCo, proximal costa; Pf, postfrons; Pr, prefrons; PR, prim-
ary bristle row; Sp, spiracle; Ti, tibia; TR, triple bristle 
row; TS, tarsal segments; T6, T7, T8, sixth, seventh, and 
eighth abdominal tergites; Vi, vibrissae; VS, vertical 
setae; VT, vaginal teeth; Vu, vulva. Magnification: 70X 
for a, b, c, d, e, and g; 175X for f and h; llX for i. 
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ing ventral head structures, such as the ommatidia, gena, 
and vibrissae. The dorsal view shows the occiput, ocelli and 
ocellar bristles, the postfrons, and the premandibular bris-
tles. Figures 2c and 2d are photographs of the male and 
female genitalia. Figure 2c shows the eighth tergite, the 
vaginal plate, and the dorsal and ventral anal plates of the 
female genitalia. Figure 2d shows typical male structures: 
penis, clasper teeth, lateral and anal plates. 
Figure 2e is a photograph of the sixth and seventh abdominal 
tergites of a female. Notice the shape and texture of these 
bristles as well as the sparcely trichomed background. Figure 
2f is a photograph of the male abdomen. Of interest here is 
the sixth or last abdominal segment. Bristle structure and 
trichome patterns are similar to the seventh segment of the 
female. Figure 2g shows a view of the mesothoracic leg which 
contains bristles with bracts at their bases, very character-
istic sensillae, five tarsal se~ments, and a darkly pigmented 
claw. Figures 2h and 2i are views of the adult wing. Figure 
2h is a close up view of the proximal wing and 2i shows the 
entire wing blade. While conversions to wing are not seen 
with the tumorous-head phenotype, this slide is an important 
reference since conversions to wing are often the result of 
t he first transdetermination event of tumorous~head tissue a 
4. Controls: 
Controls for all regions of the eye disc and antennal disc 
were done to verify established fate maps and to eliminate 
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any discrepancies between results found by different investi-
gators, in particular the origin of the lower postorbital 
bristles and prefrons. This was done using the eye-antennal 
discs of Oregon-R-C larvae. The eye discs were divided into 
the regions previously specified in the fate map experiment. 
The antennal discs were fragmented either rostral-caudally or 
laterally. Segmented discs were treated in the same manner as 
tumorous-head fate map implants. Controls were not done for 
the long term cultures in this study. The transdetermination 
patterns for normal structures, established by other invest-
igators, were used as controls. 
RESULTS 
4 A total of 1214 mwh;e larvae were injected with either tumorous-
head eye-antennal abnormalities or the remaining normal portions of 
those discs. A total of 406 were recovered, mounted on slides, ident-
ified, and classified as to region of origin. 
Tables la-c show the percentage of abnormalities found in im-
plants taken from the three regions of the eye disc. These tables 
only include data on those abnormalities not associated with any 
interruptions in the morphologies of the antennae. 
Region 1 or ventral head abnormalities (Table la) showed dup-
lications of normal structures: vibrissae and/or shingle cuticle, 
in about 23 % of the implants. (Duplications in vibrissae were 
scored if significant increases in the number of bristles were ob-
served. Duplications of shingle cuticle were scored if large masses 
of tissue were found in single implants: Indications of duplicated 
shingle cuticle are therefore somewhat subjective.) Of the abnormal-
ities confined to region 1, 50.0 % contained homoeotic structures; 
sixth, seventh, and eighth abdominal tergite and/or genitalia. Figure 
3a is a photograph of a characteristic region 1 abnormality showing 
duplicated vibrissae and extensive seventh tergite. 
Table lb shows the percentage of abnormalities found in region 
2 implants. Region 2 or middle head abnormalities are by far the 
most common, exceeding the combined number of all other implants by a 
Tables la-c. Percent abnormalities found in . the three eye regions of 
the tumorous-head eye-antennal disc. Implants were selected on the 
basis of abnormal morphology. These data indicate only those abnor-
malities not associated with any irregularity in the morphology of 
the antennal portion of the disc. 
Table la. Occurrence of various structures in region 1 abnormalities. 
Abnormalities 
Duplicated normal structures 
Sixth abdominal tergite 
Seventh abdominal tergite 
Eighth abdominal tergite 
Genitalia CQ VT, Vu) 
Any homoeotic structure 



















6. 1 (3) 
49.0 (24) 
69.4 (34) 
Table lb. Occurrence of various structures in region 2 abnormalities. 
Abnormalities 
Duplicated normal str uctures 
Sixth abdominal tergite 
Seventh abdominal tergite 
Eighth abdominal tergite 
Genitalia (CJ'LP) 
Any homoeotic structure 





















Table 1c. Occurrence of various structures in region 3 abnormalities. 
Abnormalities 
Duplicated normal structures 
Sixth abdominal tergite 
Seventh abdominal tergite 
Eighth abdominal tergite 
Genitalia 
Any homoeotic structure 





















figure 3. Typical structures found in the various regions of tumorous-
head eye-antennal discs. (a) Seventh tergite from a region 
1 abnormality. (b) Seventh tergite from a region 2 abnor-
mality. (c) Seventh and eighth tergite from a region 3 
abnormality. (d) Female genitalia from an implant of the 
entire eye disc. (e) Antennal abnormality showing seventh 
tergite. (f) and (g) Antennal abnormalities with distal 
leg. (h) and (i) Male genitalia arising from antennal im-
plants. All, Alll, second and third antennal segment;. Ar, 
arista; Cl, claw; CT, clasper teeth; LP, lateral plate; 0, 
ocelli; OB, ocellar bristles; Om, ommatidia; Pf, postfrons; 
SC, shingle cuticle; T7, T8, seventh and eighth abdominal 





factor of two or three. Only a small portion of region 2 malforma-
tions were used since they were extensively examined in a study 
which preceded this one (Kuhrt et al., 1979). The overall percentage 
of homoeotic conversions was slightly higher in this region (64.0 %), 
the amount of conversions to sixth and eighth abdominal tergite tis-
sues showing the greatest increases as compared to region 1. The 
amount of duplication (25.6 %) was essentially the same. Figure 3b 
shows a region 2 abnormality with an extensive amount of sixth and 
seventh tergite tissue. 
Region 3 or dorsal head abnormalities were extrememly rare. 
Every region 3 malformation located was forced through the metamor-
phosis test. Only a total of eight were recovered. The amount of 
duplicated structures in this region was considerably lower than in 
the other two regions. The percentage of homoeotic conversions was 
approximately the same as for region 2. There was a reduction in the 
percentage occurrence of sixth tergite (14.3 %), an increase in 
eighth tergite (42.3 %), and no substantial change in the percentage 
of seventh tergite (57.1 %) as compared with the other two eye re-
gions. Figure 3c depicts a typical region 3 abnormality showing some 
normal dorsal head structures and seventh and eighth tergite. 
Region 2 abnormalities that were associated with malformations in 
the antennal portion of the discs were also examined. The results 
are shown in Table 2. The percenta ge of dup l ications was only 
slightly higher than in region 2 abnormalities not associated with 
any other alterations. The amount of homoeosis was essentially the 
same. 
Table 2. Percentages of occurrence of abnormalities in the· middle eye 
regions (region 2) of tumorous-head eye-antennal discs are shown. Im-
plants were selected on the basis of abnormal morphology. These data 
indicate those abnormalities associated with irregularities in the 
morphology of the antennal portion of the disc. 
Abnormality .¥. (n=l4) cJf(n=1) Total 
Duplicated normal structures 35.7 (5) 0.0 (0) 33.3 (5) 
Sixth abdominal tergite 14.3 (2) 0.0 (O) 13.3 (2) 
Seventh abdominal tergite 57.1 (8) 
Eighth abdominal tergite 7.1 (1) 
Genitalia ( Q VT) 14.3 (2) 0.0 (0) 13.3 (2) 
Any homoeotic structure 64.3 (9) 0.0 (0) 60.0 (9) 
Presence of any abnormality 78.6 (11) 0.0 (0) 73.4 (11) 
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Abnormalities occur in which the entire eye portion of the disc 
is malformed. These are characterized by complete interruptions in 
the morphologies of the eye discs as well as discs only having one 
third to two thirds the amount of tissue normally present. Approx-
imately half of abnormalities such as these are associated with anten-
nal abnormalities. Table 3 shows data from those discs not associated 
with morphologically apparent antennal abnormalities and Table 4 
shows data from those discs that were found occurring with antennal 
disc anomalies. Because abnormalities such as these involve the loss 
of ex tensive amounts of normal head tissue, data were presented as 
percent absence of normal structures and per~e~t presence of homoeotic 
structures. 
In eye disc malformations without antennal disc abnormalities 
(Table 3), the most conserved tissues were those derived from the 
region 3 portion of the eye disc: the postfrons (30.0% absence), 
the frontal and frontalorbital bristles (50.0 %absence), the ocelli 
and ocellar bristles (55.0% absence), ~nd the shingle cuticle which 
fate maps to the area between the eye and antenna extending the entire 
width of the disc, (19.0% absence). The least conserved tissues 
were the ommatidia and structures immediately surrounding the com-
pound eye. Ommatidia were absent in 81.0 % of the implants; vibrissae 
in 66.7 %of the implants; and vertical setae in 70.0% of the im-
plants. Although vertical setae are region 3 derivatives, they are 
found immediately adjacent to the compound eye in the adult. 
The amount of homoeotic conversions to posterior abdominal seg-
ments (71.4 %) was approximately equal to the amount in region 1, 2, 
Table 3. The percent absence of normal head structures and percent 
presence of homoeotic structures in eye discs that were totally ab-
normal. Data are only given for discs in which all portions of the 
eye discs were recovered. These data indicate those eye discs not 
associated with any interruptions in the morphologies of the antennal 
portions of the discs. 
~ (n=19) cf(n=2) Total 
Absence of the following: 
Postfrons 21.0 (4) 100.0 (2) 28.5 (6) 
Ocelli and bristles 47.3 (9) 100.0 (2) 52.4 (11) 
Frontals and frontalorbitals 42.1 (8) 100.0 (2) 47.6 (10) 
Occiput 52.6 (10) 50.0 (1) 52.4 (11) 
Vertical setae 73.7 (14) 50.0 (1) 71.4 (15) 
Orbitals and postorbitals 63.2 (12) 100.0 (2) 66.7 (14) 
Shingle cuticle (ptilinum) 10.5 (2) 100.0 (2) 19.0 (4) 
Vibrissae 63.2 (12) 100.0 (2) 66.7 (14) 
Onnnatidia 84.2 (16) 50.0 (1) 81.0 (17) 
Presence of the following: 
Sixth abdominal tergite 26.3 (5) 100.0 (2) 33. 3 (7) 
Seventh abdominal tergite 52.6 .(10) 
Eighth abdominal tergite 21.0 (4) 
Genitalia ( ~ VT) 15.8 (3) 0.0 (O) 14.3 (3) 
Any homoeotic structure 68.4 (13) 100.0 (2) 71.4 (15) 
Table 4. The percent absence of normal head structures and the per-
cent presence of homoeotic structures in abnormal eye discs is shown. 
Data are only given for discs in which all portions of the eye discs 
were recovered. These data indicate those eye discs associated with 
obvious interruptions in the morphologies of the antennal portions of 
the discs. 
~ (n=16) O'Cn=2) Total 
Absence of the following: 
Postfrons 56.2 (9) 50.0 (1) 55.6 (10) 
Ocelli and bristles 50.0 (8) 100.0 (2) 55.6 {10) 
Frontal and frontalorbitals 25.0 (4) 100.0 (2) 33.3 (6) 
Occiput 68.8 (11) 100.0 (2) 72.2 (13) 
Vertical setae 68.8 (11) 100.0 (2) 72.2 (13) 
Orbitals and postorbitals 56.2 (9) 100.0 (2) 61.1 (11) 
Shingle cuticle (ptilinum) 25.0 (4) 100.0 (2) 33.3 (6) 
Vibrissae 62.5 (10) 100.0 (2) 66.7 (12) 
Ommatidia 62.5 (10) 100.0 (2) 66.7 (12) 
Presence of the following: 
Sixth abdominal tergite 18.8 (3) 50.0 (1) 22.2 (4) 
Seventh abdominal tergite 75.0 .(12) 
Eighth abdominal tergite 37.5 (6) 
Genitalia (~VT, Vu) 37.5 (6) 0.0 (0) 33.3 (6) 
Any homoeotic structure 81.2 (13) 50.0 (1) 77.8 (14) 
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and 3 abnormalities. 
The results from implants of abnormal eye discs associated with 
antennal abnormalities (Table 4) did not show as clear a pattern as 
those without. However, shingle cuticle was still the most con-
served tissue (33.3% absence), and ommatidia, vibrissae, vertical 
setae, orbital and postorbital bristles were still among the least 
conserved, having 66.7, 66.7, 72.2, and 61.1% absence, respectively. 
The percent homoeosis was slightly higher (77.8 %) although not 
significantly. The occurrence of genitalia in implants from female 
discs did · sbow a substantial increase, however. It was 37.5% com-
pared to a high of about 15 % in all other type ~bnormalities dis-
cussed thus far. Figure 3d shows an implant in which the entire eye 
portion of the disc has been replaced by tergite and female genitalia. 
Antennal abnormalities occurred as two rather distinct types. 
What has been designated type 1 antennal abnormalities are those 
which involve only an interruption in the morphology of .the antennal 
portion of the disc. Type 2 abnormalities involve the presence of a 
large additional lobe attached rostrally to the primary portion of the 
antenna. These type abnormalities may or may not also include aber-
rations in the portion of the antenna attached to the eye disc. 
Table 5 shows the percent occurrence of different homoeotic 
structures in type 1 antennal implants. Abnormal head structures such 
as vibrissae or ommatidia occurred 14.3 % of the time . Homoeotic 
conversions to abdominal tergite occurred in one third of the implants 
(figure 3e). Transformations to leg, including tarsal segments and 
claw, occurred one third of the time. Figure 3f is a photograph of an 
Table 5. The percent abnormalities found in implanted type 1 antennal 
abnormalities are given. Type 1 abnormalities are those involving an 
interruption in the morphology of the antennal discs without the pres-
ence of any additional tissue. AP, anal plate; DVu, dorsal vulva; LP, 
lateral plate; Om, ommatidia; T6, T7, T8, sixth, seventh and eighth 
abdominal tergite; Vi, vibrissae; VT, vaginal teeth. 
Abnormality ~ (n=18) ct'(n=3) Total 
Duplicated normal antennae 0.0 (0) 0.0 (0) 0.0 (0) 
Abnormal head structures (Vi, Om) 11.1 (2) 33.3 (1) 14.3 (3) 
Abdominal tergites (~T7,T8;~T6) 33.3 (6) 33.3 (1) 33.3 (7) 
Genitalia (Q_ VT ,Dvu,AP ;d' LP) 16.7 (3) 33.3 (1) 19.0 (4) 
Leg (distal))proximal) 38.9 (7) 0.0 (0) 33.3 (7) 
Presence of any abnormality 66.7 (12) 66.7 (2) 66.7 (14) 
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implant taken from a type 1 abnormality. Normal antennal structures 
can be seen as well as leg tissue. 
Thyp 2 abnormalities shDwed 59.1 % duplications of normal anten-
nal structures and 6.8 % occurrence of abnormal head structures (Table 
6). Approximately one third of these implants had tergite tissue pre-
sent, similar to the percentage for type 1 abnormalities. Leg tissue 
was only observed at a very high percentage in female implants. Leg 
conversions in male implants were observed less frequently. In fe-
males, it occurred in 43.2 % of type 2 abnormalities. Figure 3g shows 
ow extensive these transformations to leg tissue are. 
The amount of genital tissue found in female implants from type 2 
abnormalities was similar to the amount found in type 1 abnormalities 
(16.2 %). Two of the three discs isolated from type 1 antennal anom-
alies showing female genitalia had genitalia in the eye portions of 
those discs. Of the six type 2 antennal anomalies, none showed gen-
italia in the eye region. 
The occurrence of male genitalia was, however, almost double that 
found in type 1 abnormalities (57.1% compared to 33.3 %). Figures 3h 
and 3i are photographs of implants containing male genitalia taken 
from type 2 antennal abnormalities. Typical structures such as lat-
eral plate and clasper teeth are easily distinguishable. 
The remaining portions of discs containing specific abnormal-
ities were also implanted f or control purposes. Tables 7a-d show the 
results from these implants. A total of 16.9 % showed some abnormal-
ity in the eye portion of the disc (region 1, 2, and 3 data combined) 
even though the disc morphology was apparently normal. Fifty percent 
Table 6. The percent abnormalities found in implanted type 2 antennal 
malformations are given. Type 2 abnormalities involve the presence of 
a large amount of additional tissue attached rostrally to the primary 
portion of the antenna. These abnormalities may or may not incluce an 
interruption in the morphology of the primary portion of the disc. 
AP, anal plate; CT, clasper teeth; DVu, dorsal vulva; Hyp, hypandrium; 
LP, later plate; Om, ommatidia; P, penis; T6, T7, T8, sixth, seventh. 
and eighth abdominal tergite; Vi, vibrissae; VT, vaginal teeth. 
Abnormality 2 (n=37) d\n=7) Total 
Duplicated normal antennae 64.9 (24) 28.6 (2) 59.1 (26) 
Abnormal head structures (Vi, Om) 5.4 (2) 14.3 (1) 6.8 (3) 
Abdominal tergi te ( 2 T7, T8 ;Cf'T6) 29.7 (11) 28.6 (2) 29.5 (13) 
Genitalia (~DVu, VT, AP ;d'CT, LP, P ,Hyp) 16.2 (6) 57.1 (4) 22.7 (10) 
Leg (distal)}proximal) 43. 2 .( 16) 14.3 (1) 38.6 (17) 
Presence of any abnormality 91.9 (34) 85.7 (6) 90.9 (40) 
Tables 7a-d. This shows the percentage of abnormalities found in the 
various regions of the tumorous-head eye-antennal discs having appar-
ently normal morphologies. (They were, however, associated with ab-
normalities in other regions of the disc.) 
Table 7a. 
Region 1 (tuh) 0 (n=17) d'cn=2) Total 
+ 
Duplicated normal structures 23.5 (4) 0.0 (0) 21.0 (_ 4) 
Abdominal tergite tissue 11.8 (2) 0.0 (O) 10.5 (2) 
Genitalia Cs;2, VT) 5.9 (1) 0.0 (O) 5.3 (1) 
Presence of any abnormality 41.2 (7) 0.0 (0) 36.8 (7) 
Table 7b. 
Region 2 (tuh) ~ (n=lO) cf'cn=3) Total 
Duplicated normal structures 10.0 (1) 0.0 (0) 7.7 (1) 
Abdominal tergite tissue 10.0 (1) 33.3 (1) 15.4 (2) 
Genitalia 0.0 (0) 0.0 (O) 0.0 (0) 
Presence of any abnormality 20.0 (2) 33.3 (1) 23.1 (3) 
Table 7c. 
Region 3 (tuh) ~ (n=27) d'Cn=O) Total 
Duplicated normal structures 0.0 (0) 0.0 (0) 
Abdominal tergite tissue 0.0 (0) 0.0 (0) 
Genitalia o. o ·co) 0.0 (O) 
Presence of any abnormality 0.0 (O) 0.0 (O) 
Table 7d. 
Antenna (tuh) ~ (n=37) d'Cn=4) Total 
Duplicated normal structures 0.0 (O) 0.0 (0) 0.0 (0) 
Abnormal head structures (Vi, Om) 16.2 (6) 0.0 (0) 14.6 (6) 
Abdominal tergite tissue 29.7 (11) 50.0 (2) 31.7 (13) 
Genitalia 0.0 (O) 25 . 0 (1) 2.4 (1) 
Leg 13. 5 (5 ) 0 . 0 (0 ) 12.3 (5) 
Presence of any abnormality 56.8 (21) 50.0 (2) 56.1 (23) 
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of these abnormalities were duplications of normal structures and 
50.0 %were homoeotic conversions to posterior tergites or genitalia. 
A much higher percentage of abnormal structures were found in 
antennal controls. This can be partially explained by the fact that 
a large number of control implants came from discs with type 2 ant-
ennal abnormalities. When fragmenting the discs for implantation, a 
small portion of abnormal tissue could easily have been included as 
part of the antennal control. Over 30 % had posterior tergite, 2.4 % 
had genitalia, and 12.3 % had leg structures. 
Another important part of this study was to determine the relat-
ionships between abnormalities occurring in different regions of the 
same disc. Tables 8a and b give the percent occurrence of abnormal-
ities in antennal malformations (1) when abnormalities were shown to 
be present and (2) when abnormalities were shown not to be present in 
those corresponding portions of the eye discs that were recovered. 
Since all portions of the eye discs were seldom recovered it is 
assumed that a comparable number of implants not recovered contained 
normal and abnormal structures. These data are, therefore, not ab-
solute. 
From Tables Sa and b, it seems that there is little difference 
between antennal discs with and without corresponding eye abnormal-
ities. Homoeotic conversions to tergite, genitalia, and leg were 
seen in both types at comparable frequencies . Abnormal head struc-
tures, such as vibrissae and ommatidia, were seen i n antennal im-
plants with eye abnormalities at a frequency of 17.6% and were not 
observed at all in antennal implants without corresponding eye 
Table Sa. This shows the percent abnormalities found in the antennal 
portions of tumorous-head eye-antennal discs when abnormalities were 
shown to be present in the eye portions of those discs. 
Abnormality S2 (n=14) d\n=3) Total 
Abn~rmal head structures (Vi, Om) 14.3•(2) 33.3 (1) 17.6 (3) 
Abdominal tergi te ( Q T7, T8; (J T6) 43.8 (6) 33.3 (1) 41.2 (7) 
Genitalia~VT,DVu,AP~P,P,CT,Hyp) 28.6 (4) 66.7 (2) 35.3 (6) 
Leg (distal>> proximal) 50.0 (7) 33.3 (1) 47.0 (8) 
Presence of any abnormality 71.4 (10) 100.0 (3) 76.5 (13) 
Table 8b. This shows the percent abnormalities found in the antennal 
portions of tumorous-head eye-antennal discs when abnormalities were 
not shown to be present in the eye portions of those discs. 
Abnormality Z (n=:18) <JI(n=l) Total 
Abnormal head structures (Vi, Om) 0.0 (O) 0.0 (O) 0.0 (0) 
Abdominal tergite (~ T7, T8; d" T6) 38.9 (7) 0.0 (O) 36.8 (7) 
Genitalia~VT,DVu,Ap~P,P,CT,Hyp) 16.7 (3) 100.0 (1) 21.0 (4) 
Leg (distal~>proximal) 66.7 (12) 0.0 (0) 63.2 (12) 
Presence of any abnormality 83.3 (15) 100.0 (1) 84.2 (16) 
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abnormalities. 
Tables 9 and 10 show the freuqencies of concurrent abnormalities 
within single eye-antennal discs. Percentages given were determined 
by letting 100 % be the total number of discs with any type abnorm-
ality. The percent concurrence between different structures is rel-
ative to that 100 %. Table 9 shows that male genitalia occurred in 
50.0 % of the abnormalities in males (total of genitalia only and 
genitalia with other structures). It was found along with sixth 
abdominal tergite 62 % of the time, with leg 12.5 % of the time, and 
alone the remaining 25 % of the time. Any duplications of head 
structures occurred alone in males. 
When genitalia was found in female implants, it occurred 
alone only 7.7 %of the time, the remaining 92.3 %of the time, it 
was found associated either with abdominal tergite tissue or leg. 
When leg occurred, it occurred alone 77.8% of the time and with 
tergite 22.2 % of the time. As can be seen in Table 10, female sixth 
tergite occurred alone 37.5 %of the time and with seventh tergite 
62.5 % of the time. Seventh tergite appeared alone relatively fre-
quently (36.2 % of the time) and eighth tergite appeared alone only 
occasionally (15.3 % of the time). 
Tables 11a and 11b show the relative frequencies of occurrence 
of the various external genital structures. Relative frequencies are 
given . Figures indicate at what percentage various structures occur 
when genitalia is found. Tables 11a shows that when male genita lia 
is found, lateral plate is there 87.5 %of the time. Other genital 
structures appear at a much lower frequency. 
Table 9. This summary table shows concurrent abnormalities: duplic-
ations and homoeotic conversions found in tumorous-head eye-antennal 
discs. 
Occurrence of: 
Duplicated head only 
Duplicated head with other alterations 
Sixth abdominal tergite only 
Sixth· abdominal tergite with genitalia 
Genitalia only 
Leg only 
Leg with genitalia 








6. 2 (1) 
0.0 (O) 
Table 10. This summary table shows concurrent abnormalities: dup-
lications and homoeotic conversions found in tumorous-head eye-anten-
nal discs. 
Occurrence of: 
Duplicated head only 
Duplicated head with with other alterations 
Sixth abdominal tergite only 
Sixth with seventh abdominal tergite 
Seventh abdominal tergite only 
Seventh with eighth abdominal tergite 
Seventh with genitalia 
Eighth abdominal tergite only 
Genitalia only 
Genitalia with leg 
Leg only 
Leg with abdominal tergite 















Table 11a. Relative frequencies of occurrence of specific external 
male genital structures. 
Structure 
Lateral plate 














Table llb. Relative frequencies of occurrence of specific external 
female genital structures. 
Structure 
Anal plate (dorsal or ventral) 
Eighth abdominal tergite 








As can be seen from table .11b ~ighth t~rgite is the most common-
ly occurring femal~ genital disc derivative (88.8 % occurrence in 
homoeotic genitalia). This occurrence was followed in frequency by 
vaginal teeth (27.7% occurrence), dorsal vulva (19.4% occurrence), 
and anal plate (8.2 % occurrence). 
Long term in vivo culture: 42 
A total of 57 separate ; sublines were established from abnorm-
alities arising from region 1, region 2, or 'the antenna! portions of 
the tumorous-head eye-antenna! discs. The original implants were 
maintained in culture for as few as two to as many as ten transfer 
generations. Because of multiple technical difficulties only a total 
of nine sublines provided any information concerning the develop-
mental potential of tumorous-head homoeotically altered tissues. 
The results derived from transplants forced through the meta-
morphosis test showed a high degree of contamination of homoeotic 
structures by normal head structures (Table 12). These contaminated 
implants were the ones that were possible to maintain .in culture for 
several generations. Abnormalities that were successfully isolated 
from head tissues, primarily those with homoeotic conversions to 
abdominal tergite, did not show any appreciable amount of growth 
and were lost within two or three transfer generations. 
The overall transdetermination event that occurred in these 
cultures was a change to wing, p~imarily anterior wing. This occurred 
in seven out of nine sublines at least by the fourth transfer gener-
ation. One implant (#6) had a further change in determination both 
to ventral thorax and antenna. Another showed a similar conversion 
to antenna (#1) while two (#5 and #8) transdetermined to leg. 
Figures 4a-i show some of the transdeterminations that occurred 
in tissues cultured in this study. Figures 4a-f are derivatives from 
a large female region 2 abnormality. Figure 4a is taken from a 
fourth generation transfer. It can be seen that transdetermination 
to wing has occurred and that abdominal tergite tissue is still in 
Table 12. This shows the changes in determination (transdeterminat-
ions) of tumorous-head tissue cultured in vivo from nine 
separate culture lines. All, Alll, second and third ant-
ennal segments; AL, alar lobe; AP, anal Flate; Ar, arista; 
Co, costa; DCo, Distal costa; DR, double bristle row; RM, 
rostral membrane; SC, shingle cuticle; Sens. Camp., sen-







































































































































































































































































































































































































































Figure 4. Characteristic transdeterminations that occur in long term 
in vivo culture of tumorous-head abnormalities. Figures 4a 
through 4f are from cultures of a female region 2 abnorm-
ality. (a) This is a fourth generation test implant. (b) 
through (e) These are sixth transfer generation test im-
plants. (f) This is an eighth generation test implant. 
(g) This is a fourth generation test implant from another 
large female region 2 abnormality. (h) and (i) These are 
both second generation test implants. All, second antennal 
segment; AP, anal plate; Ar, arista; H, head tissue; SC, 
shingle cuticle; T, T7, abdominal tergite tissue; TR, 
triple bristel row; W, wing tissue. Magnification 70X. 

culture. Figu~es 4b-e are metamorphosed imp~ants taken from the 
sixth transfe~ generation of the same subline as figure 4a. Figure 
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4b shows wing blade and abdominal tergite tissue without bristles. 
Figure 4c shows posterior wing structures such as the alar lobe and 
primary bristle tow (not labelled). Figure 4d shows wing blade and 
modified arista going to leg. Figure 4e also shows wing and arista. 
Figure 4f is taken from the eighth transfer generation. Wing as 
well as an antennal disc derivative is present: the second antennal 
segment. Figure 4g is a fourth generation implant from another large 
region 2 implant. Head, shingle cuticle, and numerous triple row 
bristles are shown~ Figure 4h is a second transfer generation implant 
from an abnormality in which the entire eye portion was malformed. 
Already transdetermination has occurred and both wing and leg are 
present along with normal head tissue. Figure 4i shows both head 
and what is believed to be female anal plate. It was taken from a 
second transfer generation culture of another large female region 2 
abnormality. 
"DISCUSSION 
The tumorous-head eye-antennal disc was fate mapped using a tech-
nique modified from that developed by Ephrussi and Beadle (1936). It 
was determined that abdominal tergite tissue is present, contrary 
to the results reported by Bournias-Vardiabasis and Bownes (1978), and 
is found both within the region of the eye disc which gives rise to 
the compound eye and within the antennal disc, Postlethwait ·et al. 
(1972) only reported the presence of abdominal tergite in eye disc 
derivatives. 
Female genitalia occurred both in abnormalities isolated from 
the rostral portion of the eye disc near the shingle cuticle and from 
additional tissue attached to the antenna. Male genitalia was pri-
marily localized to the antennal disc or to the additional lobes 
attached rostrally. 
Homoeotic transforamtions to distal leg were frequently observed. 
These structures arose from implants coming from both abnormalities 
in the primary portion of the antenna and from additional lobes. No 
transformations to leg occurred in the eye portion of the disc. 
Figure Sa is a composite fate map of a wild-type eye-antennal 
disc. It is the result of coordinating the fate maps published by 
Gehring (1966), Bryant (1978), and Postlethwait (1978), as well as 
one established by Haynie in work for his doctoral thesis. The 
exact position of the cells which give rise to the prefrons, the area 
Figure 5. Fate map of both the wild-type eye-antenna! disc and 
the tumorous-head eye-antenna! disc. (a) Fate map of the 
wild-type disc. (b) through (h) Positions of the various 
homoeotic primordia within the tumorous-head eye-antenna! 
disc. 
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between the two antennae is questionable. Their position on this 
fate map is based on the position of the pre~rons tissue in the 
adult, and the relative positions of other structures (antennal seg-
ments, shingle cuticle, rostralhaut) known both for the third instar 
disc and the adult head. According to Milner and Haynie (1979), 
the first point of fusion in forming the adult head is along the 
medial sides of the antennal portions of the two discs. This fusion 
line would correspond to the exact center of the prefrons in the 
adult . Therefore, the presumptive prefrons tissue must be located 
along the medial edge of the antennal disc. 
Figures Sb-h show the location within the tumorous-head eye-
antennal disc of cells giving rise to specific homoeotic structures. 
Figures Sb-d show the distribution of presumptive female abdominal 
tergite tissue. Six th tergite primordia are restricted to the ros-
tral portion of the eye disc (Figure Sb). Both seventh and eighth 
tergite have much wider distributions. They are distributed 
throughout the ommatidial and antennal regions (Figures Sc and Sd). 
The distribution of presumptive female genitalia shows a degree of 
region specificity. As shown in Figure Se, genital primordia occur 
most frequently in the rostral half of the eye disc extending into 
and slightly beyond the shingle cuticle. It also occurs in addit-
ional tissues attached to the antenna. While the distribution of 
male sixth tergite very closely paral l els t he distribution of fema l e 
seventh and eighth tergite (Figure Sf), distribution of male genit-
alia is quite different from the distribution of female genitalia. 
Male genitalia occurs, almost exclusively, within the primary par-
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tion of the antenna or within additional tissues attached rostrally 
(Figure 5g). The only exception is the distribution of lateral 
plate. This structure is occasionally observed in implanted abnorm-
alities occuring in the rostral portion of region 1 (in the eye). 
Mesothoracic leg occurs exclusively in the antennae or in additional 
tissues attached to the antenna in both males and females (Figure 
5h). 
Bournias-Vardiabasis and Bownes (1978b) also published a fate 
map of the tumorous-head eye-antennal disc. They did not report 
the presence of any abdominal tergite tissue. They found leg tissue 
present in one third of the implants which contained arista and third 
antennal segment, as well as genitalia in 33 % of the implants re-
covered which contained rostralhaut. From this, they determined 
that leg tissue was specifically derived from that region of the 
antennal disc which gives rise to arista and third segment, and gen-
italia arises specifically from within the rostralhaut area. Con-
sidering that in this tudy over 50 % o~ implants taken from addition-
al lobes found at the base of the antenna, duplications of normal 
antennal structures including third segment, arista, and rostralhaut 
were observed, this region specific fate mapping may not be totally 
correct. Leg tissue is found at an equal frequency and genital 
tissue is found at a higher frequency in additional lobes when com-
pared with abnormalities in t he primary portion of t he antenna. No 
mention of these additional lobes was made in the work published 
by Bournias-Vardiabasis and Bownes (1978b). Their results are 
not inconsistent with those obtained in this study. They report 
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specific abnormalities in specific areas where results from this 
study also place them, but they do fail to report other homoeotic 
transformations and other regions where their reported abnormalities 
also place them, but they do fail to report other homoeotic trans-
foramtions and other regions where their reported abnormalities also 
occur. 
Postlethwait et al. (1972) reported duplications and even tri-
plications of antennal structures in the same tumorous-head stock 
from which the tumorous-head gene was isolated for the study by 
Bournias-Vardiabasis and Bownes (1978b). Postlethwait et al. also 
reported the presence of abdominal tergites within the eye. As 
mentioned in the introduction, the a.ttempt by Bournias-Vardiabasis 
and Bownes to isolate the tuh-3 gene may have caused the apparent 
reduction in homoeotic effect. 
Numerous studies with the tumorous-head trait (See review by 
Gardner, 1970), as well as data from this particular study show that 
the tumorous-head effect varies considerably in both penetrance and 
expressivity. Certain homoeotic transformations are observed at 
much greater frequencies than others. For example, seventh tergite 
is present more often than sixth or eighth tergite in females. 
This variable degree of homoeosis to different segments is also 
seen in genital conversions. When genitalia is present, not every 
structure is there , nor does every structure have equal represent-
ation. Lateral plate is the most frequently observed genital struc-
ture in males. Eighth tergite and vaginal teeth are the most highly 
represented genital disc derivatives in females. 
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Patterns ar~ formed for certain male and femal~ genital struc-
tures. Using fate maps of the male and femal~ genital discs (Little-
field and Bryant, 1978) general correlations can be established bet-
ween male and female genital structures. Beginning with the anterior 
end of the genital disc and progressing posteriorly, the following 
pairs of structures map to approximately the same position: the 
female vagina (not scored in this study) and the male penis apparat-
us; the female vulvar tissue and male hindgut (also not scored in 
this study); the female thorn bristles (or vaginal teeth) and male 
clasper teeth; the female eighth tergite bristles and male lateral 
plates; and female dorsal and ventral anal plates and male anal 
plates. 
Of the homologous structures that were scored in both males and 
females, the percent occurrence closely correlated. Male lateral 
plate and female eighth tergite were both present most frequently, 
87.5 %and 88.8 %respectively. Vaginal teeth were the second most 
frequently occurring genital structure in females (27.7 %) and . 
clasper teeth were the second most frequently occurring structure 
in males (37.5 %). Anal plate occurred least often in both sexes. 
Complementary is the work of Cook et al. (1981). Through look-
ing at the positions of various genital structures in the adult 
head of tumorous-head flies, it was established that the order of 
the homoeotic transformations was similar to the normal structures 
located in the posterior end of the animal. Therefore, the posit-
ional information (French et al., 1976) carried by cells within the 
eye-antennal disc is homologous to that carried by corresponding 
cells within the genital disc. Expression of these homoeotic gen-
ital conversions in tumorous-head allows visualization of these 
homologies. 
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In the conversions to leg a similar interpretation is made by 
homoeotically altered cells. When leg tissue is found, it occurs 
along with or in place of the third antennal segment and arista. 
These are the most distal structures derived from the antennal disc. 
Conversions to leg structures in tumorous-head are generally to 
tarsal segments and claw, which are the most distal leg structures. 
Moreover, cells determined to be different tissues are still trans-
mitting and receiving the same signals as c._el_ls_ that are not homo-
eotically altered. Positional information carried by antennally 
determined cells is interpretable both by presumptive antennal cells 
and by presumptive leg cells. 
While tergites and genitalia are produced at the time of deter-
mination in tumorous-head, it is likely that leg transformations 
result from terminal regeneration events involving the maintenance 
of determination (Bournias-Vardiabasis and Bownes, 1979). 
A number of homoeotic mutations involve complete or partial con-
versions of antenna to leg. They are: Antennapedia, aristapedia, 
Nasobemia, and Polycomb. The frequent occurrence of such mutations, 
as well as the recurrent transdetermination of antennally determined 
cell s to leg cells, indica t e that this switch in development is 
easily triggered. The developmental pathways followed in the differ-
entiation of these two structures must closely parallel. Consider-
ing that antennae are believed to be evolutionarily modified legs, 
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these parallels in development would be expected. Concern~ng 
tumorous-head, the extensive cell death (Bournias-Vardiabasis and 
Bownes, 1980) could provide impulse enough to cause this switch in 
development. As with Polycomb, a mutant that includes in its pleio-
tropic effect, a conversion from antenna to leg, tumorous-head prob-
ably causes homoeosis to this structure indirectly (Denell, 1978). 
Cell death has been implicated as the indirect cause of a number 
of homoetic transformations: Polycomb, spineless aristapedia, and 
eyeless Dominant (Denell, 1978). Strub (1977) has proposed that 
homoeotic mutations such as Proboscipedia, Antennapedia, ophthalm-
optera , and others occur as a result of "'cell death mediated' in 
situ · amputations (which expose) clusters of homoeotic competent cells 
at terminal wounds. Wound healing than creates the conditions nec-
essary for the initi ation of homoeotic terminal regeneration". 
It is difficult to address the idea of compartmentalization in 
conjunction with the tumorous-head mutation. The primary reason for 
this is the time at which compartments are established within the 
wild-type eye-antennal disc. From work published by Morata and 
Lawrence (1979) using mitotic recombination, it was determined that 
an anterior-posterior compartment restriction was established at 
72 hr after egg laying (AEL). The anterior compartment included all 
of the head, the ptilinum (shingle cuticle), parts of all three 
antenna l s e gments , t he r ostralhaut and palpus. If it is to be de-
duc ed t hat temperature sensitivity period studies are conclusive 
evidence as to the time of gene action and not to the time of gene 
transcription or gene translation, then the tumorous-head gene 
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(tsp 8-12 hr AEL) acts much earlier than the time at which the ant-
erior-posterior compartments are establisheq in the head (Bournias-
Vardiabasis and Bownes, 1978a). Homoeotic conversions to female 
seventh and eighth tergite as well as to male sixth tergite in tum-
orous head implants reflect the late establishment of A-P restric-
tions. None of these homoeotic structures are confined to any spec-
ific region within the disc. 
The action of the tumorous-head gene also provides some evidence 
concerning whether the eye-antennal disc is a single unit or a fusion 
of two separate discs, an eye (head) disc and an antennal disc. This 
question was addressed in Morata and Lawrence's paper on compartments 
in the head (1979). Some of the support given for the two disc 
hypothesis was the effect of certain homoeotic genes. Ophthalmoptera 
transforms the eye portion of the disc to wing, a dorsal mesothor-
acic structure, while mutants such as Nasobemia, Antennapedia and 
aristapedia convert the antennal portion of the disc to leg, a 
ventral mesothoracic structure. The tumorous-head gene, in its 
transformations to abdominal tergite, affects the eye and antennal 
portions of the disc, converting both to dorsal abdominal structures. 
This casts more doubt on the hypothesis that the eye-antennal disc 
is a fusion of a dorsal component {the eye) homologous to the wing 
and a ventral component (the antenna) homologous to leg. 
The amount of information gathered in the long term cultures 
for this study was minimal. It will be necessary to, at some time 
in the future, conduct a study concentrating solely on the long term 
culture of tumorous-head tissue. Results from this analysis are 
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preliminary in that no substantial conclusions can be drawn. The 
following observations can be made on the data: When pure homoeotic 
abdominal tergite tissue is transferred to adult females, the tissue 
fails to proliferate to any extent and is lost within a few transfer 
generations. However, if the tissue is contaminated by presumptive 
head structures, the implant will grow rapidly in vivo and within 
a few generations completely replace the slow growing tergite tissue. 
The rapidly growing head tissue is then free to transdetermine to 
wing, etc. 
The number of transfer generations that non-transformed tumorous-
head tissue must be maintained in culture before the initial trans-
determination event are fewer than has been reported for wild-type 
eye-antennal tissue (Gateff et al., 1974). The types of transdeter-
minations are the same as in wild-type tissues. Results from this 
in vivo culture test show that eye tissues have transdetermined to 
wing in almost every case by at least the fourth transfer generation. 
Of the implants tested earlier, wing t~ssue is present after the 
first or second transfer generation. In the one implant where wing 
was not found when testing the second transfer generation, anal plate 
was present. Anal plate is frequently observed in transdeterminat-
ions of eye-antennal discs (Gateff et al., 1974). Cultures of wild-
type eye-antennal discs show that the first transdetermination event, 
usually t o wing , l eg, or anal plate, occurs in the s ixth transfer 
generation (Gateff et al., 1974). The reduction in determinative 
stability of tumorous-head eye-antennal primordia is therefore 
another expression of the mutants phenotype. 
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Transdeterminations of normal tumorous-head tissues to posterior 
abdominal tergites and/or genitalia (other ~han anal plate) was not 
observed in this study. This is as expected since wild-type eye-· 
antennal implants do not transdetermine to these structures (Gateff 
et al., 1974; Gehring and Nothiger, 1973). A number of homoeotic 
transformations parallel the changes in determination seen in long 
term in vivo cultures of imaginal tissue: Antennapedia, aristapedia, 
bithorax, postbithorax, etc. The temperature sensitive period for 
these mutants place their time of action at later larval stages, in-
dicating that they act by interfering with the maintenance of deter-
mination rather than affecting an initial determinative decision 
(Bournias-Vardiabasis and Bownes, 1978b). In contrast, tumorous-
head has a very early temperature sensitive period (8-12 hr AEL) in-
dicating action at the time of determination. Transformations to 
genitalia and posterior tergites are the result of gene action at 
this time. Therefore, parallel events in transdeterminations would 
not be expected. 
Compartmental restrictions are apparently obeyed during trans-
determinations. All of the implants cultured arose from the anter-
ior compartment of the eye-antennal disc (Morata and Lawrence, 1979). 
Almost all of the conversions to wing were to anterior wing struc-
tures: the proximal and distal costa, the tegula, the sensilla 
campaniformia, and the triple and double bristle rows . In only one 
tissue subline were there any posterior wing structures: the alar 
lobe and the primary bristle row. These were found in the sixth 
transfer generation. Therefore, these structures probably arose 
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from regeneration ot posterior w~ng by anterior wing (Bryant, 1978a). 
Several attempts have been made to simplify the tumorous-head 
system through model building. As data continues to be gathered, 
various components of these models are either disproven or verified. 
A great deal of information on tumorous-head has become available 
from studies recently completed (Kuhn et al., 1981; Cook et al., 
1981). A comprehensive model will be presented on the data available 
at this time. Hopefully, it will provide direction for future 
studies. 
One of the primary assumptions of this model is that the tuh-3 
gene causes both the tumorous-head effect and the sac testes effect 
(See Introduction). The expression of one verses the other is 
solely dependent upon which maternal effect product is present. This 
assumption is based on data from numerous cross-over experiments. 
The two effects have never been separated (Kuhn~ al., 1981). The 
tuh-3 gene must be the same regardless of maternal effect. In the 
presence of tuh-1g (sac testes) matern~l effect, it acts as a hypo-
h 
morph (Kuhn et al . , 1981; Woods, 1979). In the presence of tuh-1 
(tumorous-head), it acts as a neomorph (Shearn, 1978), in that the 
product is acting at the wrong place. 
The temperature sensitive period for the expression of the 
tumorous-head effect is throughout oogenesis and between eight and 
t welve hours after egg laying (AEL) (Bournias-Vardiabasis and 
Bownes, 1979; Gardner and Woolf, 1950). The maternal effect product 
must be affected by changes in temperature during oogenesis while 
the tuh-3 product must be affected by the temperatur.e flux ·at 
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8 to 12 hour AEL. 
In order to propose a mechanism for tuh-3 gene action, it is 
necessary to outline in detail what occurs under wild type conditions: 
when tuh-3+ is homozygous. tuh-3+ is a regulatory gene responsible 
for the production of mRNA or protein necessary for normal posterior 
determination. Either the tuh-1g or tuh-1h gene product binds to the 
tuh-3+ site and allows transcription of this posterior determinant 
(PD). (The tuh-3+ gene will be placed adjacent to the structural 
gene for the posterior determinant in order to simplify this model.) 
tuh-lg and tuh-1h products are present in a concentration gradient 
which is highest at the extreme posterior end of the embryo. The 
tuh-1g. and tuh-1h gene products must be functionally identical; they 
are located at the same chromosomal position and any combination of 
these two alleles allows for completely normal development (provided 
tuh-3+ is homozygous). The only difference between the tuh-1 alleles 
would be in their affinity for the tuh-3+ binding site. Data on 
tumorous - head hints at the preferential binding of tuh-1g. The 
tuh-1 gene product would be the morphogen proposed by Nusslein-Vol-
hard and Weischaus (1980) that is present in a gradient that "defines 
antero-posterior coordinates in early embryonic pattern formation". 
The egg is believed to be organized through the control of a single 
gradient that is established during oogenesis and is therefore under 
t he control of the maternal genome (Nusslein-Volhard and Weischaus, 
1980; Weischaus and Gehring, 1966)o 
Once either tuh-1g or tuh-lh binds to the tuh-3+ site, trans-
cription and translation of the posterior determinant (PD) are 
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initiated. Posterior determinant would continue to be produced 
until it reached certain concentration levels. It would then act 
via some form of negative feedback to prevent further transcription 
of itself. This could be mediated through some form of steric in-
hibition directly affecting either the tuh-1 gene product or the 
tuh-3+ binding site. Since both tuh-1g and ·tuh-lh are maternal ef-
fect proteins, they will only be present for a certain period of 
time before degradation. Since they will not be replaced, the 
need for negative feedback control is only present until the mat-
ernal effect products are degraded. 
Under normal conditions the concentration of posterior deter-
minant would be highest in the extreme posterior end (where tuh-1 
products are at their highest concentrations) and progressively 
lower in more anter ior regions. While other factors such as pos-
itional information are vital in determining the ultimate fates of 
embryonic cells, levels of PD would act to yield some degree of seg-
ment specificity. The cascade of even~r required for extreme pos-
terior determination would be turned on by high PD levels. Events 
required for determination for more anterior segments would require 
progressively lower PD levels. 
The general scheme for the action of tuh-3 in the presence of 
the tuh-1g maternal effect product is as follows: The tuh-lg 
product binds at the tuh-3 gene site wi th the same affinity with 
which it binds the tuh-3+ site. However, because of the altered 
nucleotide sequence of tuh-3, it can no longer effectively initiate 
transcription of the posterior determinant (PD). While transcription 
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does occur to some extent, .levels of PD required for extreme pas-
terior determination are frequently not · reached ~ · .. The .phenotypic 
expression of the reduced posterior determinant level is the sac 
testes trait. Since levels of posterior determinant are never high 
enough to result in negative feedback, it is impossible to determine 
whether this control mechnaism is still operable. Data on the 
tumorous-head effect indicate that it is not. 
If the tuh-3 gene is acting as proposed, the follow~ng conditions 
should increase the penetrance of sac testes: (1) higher percentage 
of tuh-1g verses tuh-1h. maternal effect product; (2) occurrence of 
tuh-3 in the homozygous or hemizygous verses the heterozygous con-
dition and (3) the presence of any m9difiers that could affect 
tuh-1g product binding to tuh-3 in such a way as to further prevent 
transcription of the posterior determinant. 
A study by Woolf (1965b) showed that when the maternal effect 
gene was heterozygous (tuh-1g/tuh-1h) verses homozygous (tuh-1g/ 
tuh-1g), the penetrance of the sac testes trait was reduced by 
about a factor of two. This reduction in penetrance could be caused 
h h by the binding of tuh-1 • When tuh-1 binds to the tuh-3 site it 
does not reduce transcription of PD as does tuh-1g. Its action will 
be discussed in detail later. 
The sac testes trait does not occur when tuh-3 is heterozygous. 
Enough product must be produced by the tuh-3+ gene to allow for 
normal posterior determination. When tuh-3 is placed over a defic-
iency, penetrance increases fram 28.8% to 61.7% (Kuhn et al.,1981). 
Penetrance is not 100 % since some transcription is still occurr~ng 
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at the mutant site. Penetrance can .be increased to 100 %, however, 
if certain enhanc~ng genes are present (in particular one near sbd) 
(Kuhn et al., 1981). 
h 
When the tuh-1 maternal effect product is present, it, too, 
binds at the tuh-3 site. However, effective transcription is not 
altered in any way. Posterior determinant continues to be produced. 
B£c·ause of the mutation at the tuh-3 gene site, transcription of 
posterior determinant is no longer under the control of ~egative 
feedback. PD continues to be produced until the .tuh-1h maternal 
effect product is degraded. The overproduction of PD, if sufficient-
ly high, will result in the diffusion of PD to the anterior end of 
the embryo. The presence of this substance will cause posterior 
development in the anterior end: tumorous-head effect. 
h If the gene acts this way in the presence of tuh-1 , the follow-
ing predictions can be made: (1) increased doses of the tuh-3 gene 
should increase penetrance and expressivity; (2) increased doses of 
tuh-3+ in the presence of tuh-3 should have no effect since tuh-3+ 
genes are still under the control of negative feedback. 
Both of these predictions hold for data gathered thus far on 
tumorous-head. Penetrance is higher in the homozygous (tuh-3/tuh-3) 
condition than in the heterozygous condition (tuh-3/tuh-3+). In-
creasing doses of wild type gene, tuh-3+, had no consistent effect: 
with one dose penetrance was 17.3 %, with two doses penetrance was 
24 . 4 %, and with three doses penetrance was 21.7 % (Kuhn, unpub-
lished data). Penetrance is greatly affect by the presence of 
modifiers (Woolf and Passage, 1980) which were not strictly con-
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trolled in this po~tion o£ the experiment. 
'Phenotypic effect of posterior determin~nts in the anterior end 
of the animal varies both with the amount of diffused PD in the 
anterior end and the time at which it arrived. If the posterior 
determinant arrived very early in development, prior to anterior-pos-
t .erior determination, (3~ hr AEL) (Kauffman, 1980; Chan and Gehri.ng, 
1971) then cells in the anterior end of the animal could be pro-
grammed for posterior development: production of sixth, seventh, 
eighth tergites or genitalia. Higher levels of PD should result in 
more posterior structures, since the levels of PD in normal animals 
would be highest at the most posterior end. The production of gen-
italia would occur only at very high _PD levels. This would predict 
that if levels were high enough to cause genital determination then 
they would also be high enough to cause determination to posterior 
tergites. This has been shown: if genitalia is present, it occurs 
with tergite 62 % of the time in males and 85 % of the time in 
females. Data gathered in this study and others (Cook et al., 1981; 
Bournias-Vardiabasis and Bownes, 1978b; Postlethwait et al., 1972) 
indicate some degree of region specificity in the different homoeotic 
transformations. This implies that high levels of PD alone are not 
sufficient to cause posterior determinations. Cells must possess 
some initial competence that will allow them to be developmentally 
programmed t o form abdominal tergite tissue and/or genitalia . 
If the posterior determinant arrived after cells had been pro~ 
grammed to specific developmental pathways or just continued to ar-
rive afterwards, cell death could result. This could conceivably be 
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due to the presence of determinants in the environment of already 
determined cells. As mentioned earlier, cell death has been imp-
licated as an indirect cause of many homoeotics and it has been 
shown to be extensive in tumorous-head flies (Bournias-Vardiabasis 
and Bownes, 1980). Evidence for cell death is seen in the pheno-
typic expression of tumorous-head. Extensive duplications of normal 
head structures is seen: duplicated vibrissae, shingle cuticle, 
and antennal segments. The loss of ommatidia without any concurr~ng 
homoeotic structure would seem the result of cell death. 
Cell death would explain a number of the effects seen in tum-
orous-head. When normal eye-antennal discs are cultured in adult 
females, ommatidia are lost within a _few transfer generations. 
This reflects the loss of regenerative capability by other head 
cells for ommatidia (Gateff et al., 1974). If ommatidia were lost 
because of cell death, an open field would be provided for growth 
of homoeotic structures. Most tumorous-head abnormalities occur 
in region 2 where ommatidia normally arise. Very large sections of 
abdominal tergite tissue are derived from implants taken from this 
region. Cell death occurring in region 1 is seen as multiple dup-
lications of normal structures as well as large regions of homoeotic 
tissue. Region 1 derivatives such as vibrissae and shingle cuticle 
must have much higher regenerative capabilities than ommatidial 
cells e Antenna! duplications coul d a lso arise as a r esult of cell 
death. Leg transformations could be explained by this as well. 
As mentioned earlier, another expression of the tumorous-head 
phenotype is an increase in the rate of transdetermination. In 
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follow~ng with the cell death causation idea, tthomoeotic competent" 
cells would be exposed to cells carryi.ng wid.ely divergent positional 
information much earlier. Cell death has already acted to expose 
cells which would normally have to wait through several transfer 
generations before being physically exposed. 
A number of experiments would be valuable tests of this model. 
Schubiger (1976) performed ligation experiments separat~ng the ant-
erior from posterior ends of Drosophila embryos. Both ends devel-
oped normally; normal anterior/posterior development was not 
altered. If similar experiments were done with very young tumorous-
head embryos, the phenotypic expression of tumorous-head in the ant-
erior end of the fly should not be opserved. Ligation should pre-
vent diffusion of excess posterior determinant to the anterior end 
of the embryo. 
Recent advances in molecular genetics offer another test of the 
model. If the tuh-1 maternal effect gene could be isolated and 
inserted into a bacterial genome, the actual maternal effect product 
could be manufactured. Once this product were available, it could 
be injected into the anterior ends of normal embryos. If the model 
is correct, tumorous-head phenocopies should be produced. 
A number of genetic analyses would also be valuable. The effects 
varying doses of tuh-1 allele would have on tuh-3 gene action would 
be informative. 
If this model proves correct and the tuh-1 gene product can be 
isolated, then Nusslein-Volhard and Weischaus (1980) will have their 
. d. t " "morphogen" that "defines antero-poster1or coor 1na es . 
SUMMARY 
The tumorous-head eye-antennal disc was fate mapped using a 
technique modified from that developed by Ephrussi and Beadle (1936). 
Preliminaty data was also gathered on the maintenance of develop-
mental potential of tumorous-head homoeotically altered imaginal 
tissue. A model was presented for possible gene action involving 
the regulation of transcription of determinants necessary for pos-
terior development. 
Fate mapping of the disc gave these results: Female sixth 
abdominal tergite originated specifically from cells found in the 
rostral half of the eye portion of the disc. Male sixth tergite, 
as well as female seventh and eighth tergite, showed no region 
specificity ~ Genital conversions showed a degree of region specif-
icity in both male and female implants. Female genital structures 
such as eighth tergite, vulva, ~aginal teeth, long bristles (lang-
borsten), and anal plate were present in the eye extending into 
and beyond the shingle cuticle, as well as in additional tissues 
attached to the antenna. Male genitalia was confined to the pri-
mary portion of the antenna and to additional lobes, with the ex-
ception of lateral plate. This structure was also present in 
the region 1 area of the eye disc, Conversions to distal ~eg 
were only found in the presumptive arista and third antennal seg-
ment or in duplications found in additional tissues attached 
66 
rostrally. Duplication$ ot both normal eye and antennal derivatives 
were frequently observed. 
Long term in vivo cultures of tumorous-head abnormalities showed 
the same qualitative changes as those observed in normal eye-antennal 
cultures: initial changes in determination to w~ng, and in one case 
anal plate. The frequency of transdetermination was considerably 
higher in tumorous-head verses wild-type implants, indicating a 
reduction in the determinative stablility of tumorous-head tissues. 
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